Introduction
Although it has been well understood for a long time that spectroscopy is indispensable in astronomy, it is only recently that it has become prominent in the soft gamma ray or hard X-ray band. The discovery of cyclotron features in Her X-11 and in the spectra of several gamma ray bursts2 are two reasons for the recent surge of interest. Another is the detection of a variable intensity line of about 73 keV from the Crab Nebula.3,4,5 These features are marked by temporal variability and represent only a relatively small part of the source's total hard X-ray flux. Theoretical models predict the rate of heavy element production in a supernova explosion. Explosion products include radioactive species with decay modes t'hnt Amit ""rl^a &omit -0d The device is shown in Figure 1 . It is presumed to be pointed at a source. All of the line features described above are throughput has perhaps not been fully appreciated as In the example shown in Figure 2 , the primary photon the emphasis in recent years has been upon improving is absorbed at point "a," and the K fluorescence the energy resolution, often at the expense of photon at point "b."
Electrons from both collecting power. As long as the energy resolution absorptions drift along the X direction in a field is sufficient to avoid confusion between neighboring that has a strength of about 400 v/cm. Electrons drift toward anode-cathode planes.
Readout system with independent pre-amplifiers can localize and process two simultaneous sets of signals.
system provides (Y,Z) positions for both the primary and fluorescence photons. Depending on the distance along X between the primary and fluorescence absorptions, the time difference between the two signals ranges from 0 to the maximum time required to drift through the drift region which is about lOpsec. The readout system shown in Figure 2 The gross aperture is then 40 cm x 40 cm or 1600 cm2, and the absorption depth is 40 cm. With area losses due to collimation and structure to support the detector integrity against the pressure differential, the net effective area will be almost 1000 cm2J and the absorption efficiency will be appreciable above 100 keV. It is not unreasonable to let the Z-dimension be 100 cm. To avoid increasing the size of the drift field beyond 25 cm, a second set of anode-cathode planes can be added to the gas volume.
A mid-plane between them is at negative voltage to provide oppositely directed drift fields in both halves of the detector. In that case, the gross aperture is 104 cm2. This illustrates the potential for making this system with very large throughput.
Ultimately, the size of a single detector unit is limited by the background rate. The maximum time difference between the two signals of a valid event occurs when the separation between the absorption points of the fluorescent and primary photons is equal to the full length of the drift region. For a drift region that is 20 cm long, and a field of 400 v/cm, that time is about 10 microseconds in the 1.7 atm Xe-methane mixture. Therefore, to avoid mis-associating signals from unrelated events, the mean time between events should exceed 100 microseconds. Therefore, the total counting rate (before background rejection) should not exceed 104 counts/sec.
Scaling background rates from previous experiments suggest that an instrument can be up to 104 cm2 in area before this limit is exceeded.
Another factor that contributes to high throughput is low background. The detector is expected to be relatively immune to charged particles.
The two-dimensional position sensitivity can be employed to exclude all events which leave an energy deposit within a few millimeters of 4 walls. one that would be used for imaging. However, it is acceptable in spectral line measurements where the primary need is a measure of the variability of the background. For measurements of line features, the limiting background, is, in many cases, the continuum due to the source itself rather than external factors.
If the collimator pattern is random, the detector "images" in one dimension. However, the transmission should not be above 50 percent in this case.
With such a mask we can obtain positions for the sources in one dimension as well as their spectra. As the position sensitivity of the detector is very good, typically better than 1 mm, the angular positions with collimators at the distance of about a meter from the detector can be rather precise, better than one arcminute.
If the slot collimator is a cylinder extending 3600 in azimuth around the active volume, then the device becomes similar to a unit of the Multiple Slit Camera system described6 for the localization of gamma ray bursts. Thus, this method of spectroscopy is fully compatible with any field of view and with the precise location determination capability needed to identify gamma ray bursts, including the option for refining the location precision to 10 arcseconds.7 A second unit would provide positions in the other dimension, but it need not be as large in area as the high throughput spectrometer.
Expected Performance
The performance of the spectrometer has been studied by carrying out simulated experiments. The experiments are ones that would be desirable to perform from balloons. We have also simulated a measurement with a (30 cm)3 detector that operates in the proportional scintillation mode. The reconstructed time averaged 66-80 keV spectrum is shown in Figure 5 . The improved energy resolution results in even more significance in the detection of the line. Figure 6 . Statistical error bars of points near the peak of the cyclotron feature are not much larger than their diameters. It is apparent that with a measurement of this quality it is possible to carry out a very detailed study of the temporal variability of this feature over the pulsation period of Her X-1.
A
The objective is the 68 keV and 78 keV lines from Ti44, one member of the chain of radioactive nuclides that are produced by nucleosynthesis in supernovae.
The flux is taken from the review by Ramaty and Lingenfelter.14 Assuming that Cas A is 300 years old, the flux is expected to be about 2.5 x 10-5 photons/cm-2 sec.
As these lines are quite faint, the dimensions of the detector are Figure 8 shows the measurement carried out with a detector of the same size operating in the proportional scintillation mode. The lines are even more significant, but it is uncertain that a proportional scintillation detector of this large size could be built to operate in a satisfactory manner.
Comparison with Other Spectrometers
The spectrometer described in this paper has advantages over others in measurements for the 35 keV to 150 keV band. Other spectrometer types include: sodium iodide scintillators (Nal), cooled germanium detectors (Ge), and mercuric iodide (HgI2), a more recent development. Figure 7 with spectrometer system in proportional scintillation mode. In comparison to a NaI spectrometer, the proposed spectrometer should have a factor of 3 to 6 better energy resolution in the range from 35-150 keV.
This present instrument can be made in much larger effective area than NaI and should have lower background.
Germanium detectors offer better energy resolution than the proposed instrument but suffer from important limitations. The best energy resolution of a Ge detector with good resistance to radiation damage is about 1 percent, which is four times better than the regular proposed detector but only a factor of two better than when it operates in the proportional scintillation mode. However, its area is much less and its background is higher. The line features we described will not be confused in our spectrometer. Consequently, Ge detectors cannot match the sensitivity of the proposed spectrometer in the balloon investigations we have described.
The cost of Ge detectors is high and so is the weight because of shielding and cooling requirements. Thus, the possibility of building large arrays at reasonable cost is limited.
